The relationship between Negroni and strain 880 mycoplasmas, isolated from tissue cultures inoculated with material from leukaemic patients, and a rodent pathogen, Mycoplasma ptJlmonis, were studied iii detail. The close relationship previously reported between these strains was confirmed but some serological differences were noted. The importance of these differences in the classification of the organisms is discussed.
The mycoplasmas associated with rodents have been discussed in the preceding paper (Fallon, 1967) in which it was pointed out that Mycoplasma pulmonis is found in the respiratory tract of both healthy and diseased rats and mice.
In 1964 Negroni reported the isolation of a cytopathic agent from tissue cultures inoculated with bone marrow from ten of twenty-five patients with leukaemia.
The agent at first appeared to be a virus but further studies showed it to be a mycoplasma (Grist & Fallon, 1964; Girardi, Hayflick, Lewis & Somerson, 1965) . That this was so was underlined by the work of Grist (1966) who showed that the cytopathic effect produced by the original tissue culture fluids could be neutralised by antiserum to the mycoplasma grown in artificial medium. This mycoplasma was shown by Lemcke (Fallon et al., 1965) to be closely related to M. pulmonis both by complement-fixation and gel diffusion techniques, as well as by the growth inhibition technique of Clyde (1964) . This latter technique appears to be species specific. Leach & Butler (1966) confirmed the findings of Fallon et aJ. both with respect to the serological as well as biological characteristics of the Negroni mycoplasma. Grace, Horoszewicz, Stirn, Mirand & James (1965) reported the isolation of four antigenically identical cytopathic agents from tissue cultures inoculated with leukaemic or lymphomatous tissue. The first isolates were recognised as being mycoplasmas as long ago as 1961. These agents were isolated repeatedly, thus suggesting that they originated from the patients' tissues. One strain, designated 880, was selected as the prototype strain of what is now a group of ten serologically related mycoplasmas associated with leukaemia or other neoplasms (Horoszewicz cited in Leach & Butler, 1966) . On examination of the 880 strain, Leach & Butler found it to be a strain of M. pulmonis both serologically and biologically.
Finally, using the technique of nucleic acid homology, Somerson, Riech, Chanock & Weissman (1967) showed that the Negroni mycoplasma, strain 880 and M. pulmonis were indistinguishable.
There is no doubt, therefore, that the Negroni mycoplasma and strain 880 are closely related to M. pulmonis.
The present work was carried out to examine this relationship further particularly in order to see whether these mycoplasmas differed in their antigenic structure in the way that M. hominis type I strains and T-strain mycoplasmas can be shown to do using the metabolic inhibition technique (Purcell, Taylor-Robinson, Wong & Chanock, 1966a , 1966b Purcell et al., 1967) .
MATERIALS AND METHODS

Mycoplasma strains
The CW strain of Negroni mycoplasma was isolated in this laboratory (Grist & Fallon, 1964) . The 880 strain was received from Dr. Horoszewicz.
M. pulmonis strains Kon, Cheng, MI and M2 were provided by Dr. Lemcke. Kon and Cheng were isolated from rat lung, and MI and M2 from the respiratory tract of mice (Lemcke, 1961, and personal communication) . Strains were maintained by serial passage on Hayflick's medium (Chanock, Hayflick & Barile, 1962) , to which calf thymus deoxyribonucleic acid was added to a final concentration of 0.002 per cent, or were stored in Hayflick's broth at -70°c.
Antisera
Two hundred millilitres of Hayflick's medium containing 20 per cent unheated normal rabbit serum, in place of unheated horse serum, plus 0.02 per cent of cholesterol were inoculated with the mycoplasma and incubated at 37°c for five days. The culture was centrifuged in a Phywe angle head centrifuge at 12 500 r.p.m. for one hour and the deposit was resuspended and washed thrice in phosphate buffered saline (PBS), the final volume being 2m!. One millilitre of suspension was emulsified with an equal volume of complete Freund adjuvant and Iml of the emulsion was injected intramuscularly into each hind limb of a rabbit.
After three weeks the rabbit received two further intravenous injections of 0.5ml of suspension with an interval of three days. Rabbits were bled out after a test bleed had shown the antibody level to be satisfactory as judged by the growth inhibition technique of Clyde (1964) . Immune sera were stored at -20°c.
Serum taken from the rabbits before immunisation did not react with the mycoplasmas studied in any of the serological tests used.
Rabbit sera were screened for suitability for growth purposes by inclusion in solid medium before being used for growing mycoplasmas as some sera supported growth better than others.
Antigens
Antigens for complement-fixation and gel diffusion tests were grown in Hayflick's broth, which was incubated for three to five days at 37°c. The broth was centrifuged at 12500 r.p.m. for one hour or at 18000 r.p.m. for 45 minutes, and the deposit was washed thrice and resuspended in PBS. For some gel diffusion tests antigens were also resuspended in de-ionized water. The final volume represented a concentration factor of approximately 50. The final suspension was sonicated for 10 minutes in a M.S.E. 60 watt ultrasonic disintegrator.
For gel diffusion tests one lot of antigen in de-ionized water was frozen and thawed ten times instead of being sonicated.
Antigens were stored at _20°c.
Complement-fixation tests
The method used was that of Bradstreet & Taylor (1962) as modified by Grist, Ross, Bell & Stott (1965) , antibody and antigen being titrated in a chessboard pattern.
Gel diffusion tests
Originally these were performed in 1 per cent Ionagar in normal saline or water but latterly tests were performed only in 1 per cent lonagar in water. The optimal thickness of the agar layer was found to be 1.5-2mm and the cups were 7mm in diameter, the cup centres being lOmm apart.
After the cups had been filled, plates were incubated at 34°c or were left at room temperature.
Growth inhibition
Tests were performed as described by Clyde (1964) . In an attempt to standardise the conditions of the test, plates were poured on a level surface, each Scm plastic petri dish receiving 8ml of Hayflick's medium.
Each plate was inoculated with seven drops (0. I 4ml) of log phase culture.
Plates were set up with log dilutions of culture and the number of colony forming units (cfu) per plate was estimated using a modification of the method of Miles & Misra (1938) . After the surface of the plates had dried in the incubator, 6mm Whatman A.A. discs impregnated with O.02ml of serum were placed on the agar and the plates were incubated for four days at 34°e. They were then examined with a hand lens and the width of the zone of inhibition of growth measured in millimetres from the edge of the zone of growth.
At no time did control discs, either with or without normal rabbit serum, show any inhibition of growth of mycoplasmas.
Metabolic inhibition tests
These were performed using the method of Taylor-Robinson, Purcell, Wong & Chanock (J 966) . Tests were performed both with and without the addition of 6 per cent unheated guinea-pig serum.
Sera were diluted using pipettes and were then added to the cups of microtitre trays in order to ensure that results with the various strains of mycoplasmas were comparable.
Haemolysin tests
These were in general performed as described by Somerson, Purcell, Taylor-Robinson & Chanock (1965) .
Fermentation tests
These tests were carried out in fluid medium at pH 7.8 contammg I per cent of the sugar under examination plus 0.002 per cent of phenol red. Control cultures containing added phenol red only were also set up as were uninoculated control cultures.
These were all incubated at 3re and observed daily.
RESULTS
Complement-fixation tests
The results (Table I ) are similar to those of Leach & Butler although tbe titre of the Negroni antiserum with 880 antigen was relatively lower than they observed.
Once again the close relationship between the various mycoplasmas as previously demonstrated by this test was observed. 
Gel diffusion tests
The best results were obtained with saline suspended antigens and a gel of 1 per cent Ionagar in water incubated at room temperature (Lemcke, 1965) . Saline suspended antigens gave strong reactions with the homologous antiserum but only weak reactions with the other antisera even if the cups were refilled. It was clear that by gel diffusion M. pulmonis strain Kon, strain 880 and the Negroni mycoplasma, although related, were quite distinct.
In tests with the Ml and M2 and Cheng strains of M. pulmonis, with one exception the heterologous antigens formed much weaker precipitates than the homologous with antisera to Kon, the Negroni and 880 mycoplasmas, even though these weak reactions showed the strains to be related.
The one exception was M2, which formed as dense a precipitate with antiserum to the Kon strain of M. pulmonis as did the homologous antigen and which appeared to be identical, in this test, with Kon.
Growth inhibition test
It was observed that with high concentrations of mycoplasmas (e.g. using a broth containing 10 8 to 10 9 cfu per ml) there was little or no zone of inhibition when the test was read at four days although, as observed by Clyde (1964) , with fewer organisms a larger zone of inhibition was produced.
It was not possible, in view of the inconstant variation in zone size (as noted by Clyde), to draw any detailed conclusions as to the closeness of relationship of the various mycoplasmas studied, but antisera gave rise to larger zones of inhibition with the homologous strain than with the heterologous strains. This is shown in 
Metabolic inhibition tests
Tenfold dilutions of mycoplasma culture' were titrated against twofold dilutions of the various antisera in a chessboard pattern.
The finding of Taylor-Robinson et al. (1966) that unheated guinea-pig serum enhanced the titres of immune serum in reactions with the Negroni mycoplasma was confirmed and also found to apply to the other mycoplasmas studied.
Guineapig serum was inhibitory to the mycoplasmas but was especially valuable in ensuring reproducibility of readings. In its absence results were not closely reproducible, perhaps because of the relative raPidity of the colour change and 'breakthrough' of mycoplasma growth at high serum dilution. The results of tests with and without guinea-pig serum are shown in Table 3 . Titres of serum are expressed as reciprocals of the highest dilution which showed no colour change when the control cup containing no antiserum had changed 0,5 pH unit. Titres in brackets were obtained when unheated guinea-pig serum was omitted from the test.
As in the complement-fixation test and growth inhibition test the reactions between antisera and their homologous antigens were more marked than with heterologous antigens.
Biological tests Haemolysin production
All the strains of mycoplasmas produced~-haemolysis of guinea-pig erythrocytes (applied as a 3 per cent overlay in agar to existing growth on agar medium) within 48 hours.
A phenomenon observed constantly with these mycoplasmas has been the development of tiny~-haemolytic colonies on the surface of the blood agar overlay (containing mycoplasma medium) 24 hours after it had been applied.
These colonies showed well marked~haemolysis at a time when the colonies which had been overlaid were showing only early haemolysis.
That these surface colonies were mycoplasmas was shown by transferring thin slices of the blood agar overlay (taken with care at SAGE Publications on June 22, 2016 lan.sagepub.com Downloaded from not to eXIend down to the original colonies on the plate) to fresh plates of Hayflick's medium, whereupon new colonies of mycoplasmas appeared in three to four days time, and to blood agar plates where no growth of bacteria was obtained.
Gram-stained films of the surface colonies also showed no bacteria to be present.
The rapid growth and haemolytic activity of these surface colonies was all the more surprising as it was found impossible to produce this rapidity of haemolysis by inoculating guinea-pig blood agar with actively growing broth cultures of mycoplasmas.
Haemolytic surface colonies were also observed with M. pulmonis strains Ml and Cheng even when two thin layers of blood agar were applied, the first being allowed to cool before the second was added. This phenomenon of surface growth has only rarely been observed in this laboratory with M. pneumoniae.
When p-haemolysis had occurred, examination of the mycoplasma colonies in the medium showed them to be surrounded by a layer of intact erythrocytes outside which complete haemolysis could be seen to have taken place.
No haemolysis occurred when cultures overlaid with guinea-pig blood agar were incubated anaerobically, except for very slight p-haemolysis by surface colonies.
As with M. pneumoniae , high colony density had the effect of diminishing the amount of haemolysis produced by the Negroni mycoplasma.
Haemolysis was completely inhibited for 48 hours with very high colony density whereas with an inoculum which produced semi-confluent growth, the degree and extent of haemolysis was reduced when compared with that observed on plates with well spaced colonies when these were examined after 24 hours incubation.
After 48 hours, however, plates bearing a semi-confluent growth showed complete p-haemolysis. These mycoplasmas also produced a-haemolysis of horse erythrocytes applied as an overlay.
Fermentation reactions
All the strains examined fermented glucose and maltose with the production of acid within three to five days, the pH of the medium becoming pH6 or less. The Negroni mycoplasma also fermented mannitol.
No strain fermented lactose, arabinose, or dulcite.
DISCUSSION
Genetically and biologically the Negroni and 880 mycoplasmas are closely related to M. pulmonis. In addition to the biological features already mentioned there is a strong similarity in colonial morphology to M. pulmonis which is well described by Leach & Butler (1966) .
The haemolysis of guinea-pig erythrocytes is interesting in that, like haemolysis produced by M. pneumoniae, haemolysis by M. pulmonis strains as well as the Negroni and 880 mycoplasmas was inhibited by growth of the overlaid culture under anaerobic conditions. It may be that the haemolysin of M. pulmonis and related strains is a peroxide as is that of M. pneumoniae. The reason for the preservation of a thin layer of intact erythrocytes round colonies in the medium (but to a lesser extent around surface colonies) is uncertain, but this preservation may be related to oxidation-reduction potentials in the immediate vicinity of the colony.
As regards fermentation reactions, the only surprising finding was of the fermentation of mannitol by the Negroni mycoplasma.
All the strains produced an acid pH in Hayflick's broth alone but this was much less in extent and speed of development than in the presence of glucose.
The serological evidence presented here as well as that previously published (Fallon et al., 1965; Leach & Butler, 1966) shows that there is a close relationship between the Negroni and 880 mycoplasmas and strains of M. pulmonis.
In the complement-fixation test the relationship between the Negroni mycoplasma and M. pulmonis strain Ml is as close as that between M. pulmonis strains Kon and Cheng, and overall there seems little reason not to designate the Negroni and 880 mycoplasmas as strains of M. pulmonis. Nevertheless, the complement-fixation test, disc growth inhibition and metabolic inhibition tests all show the same trend-that antiserum reacts best with the homologous mycoplasma.
It is of course probable that the disc growth inhibition and metabolic inhibition tests are only different applications of the same antigen-antibody reaction. When this fact is coupled with the reaction obtained in gel diffusion studies, it may be that we are faced with a situation reminiscent of the types of Streptococcus pyogenes, i.e. that in one broad grouping there are minor serological types-a point already made with respect to the T-strain mycoplasmas (Purcell et al., 1966b) and M. hominis type 1 (Purcell et al., 1967) . In metabolic inhibition tests using four strains of M. hominis type 1 and antisera to these strains, these latter workers found that the serum titre was highest when tested against the homologous strain; with one exception titres were more than four times higher than with the heterologous strains.
Similar results were obtained in the present study (see Table 3 ). Riech (1967) reported that nucleic acid homology showed some differences between M. hominis type 1 strains which were serologically different. This was not so with the Negroni mycoplasma, strain 880 and M. pulmonis, which were indistinguishable by homology (Somerson et al., 1967) . In spite of the homology studies, on the basis of the evidence presented here it would seem that not all strains of M. pulmonis are identical, and that su b-types of this species exist. It is significant that the M2 strain of M. pulmonis would appear, on the results of the metabolic and growth inhibition tests as well as the gel diffusion reaction, to belong to the same sub-type as Kon.
This observation is of particular interest in view of the fact that M2 was isolated from a mouse whereas Kon was isolated from rat lung. The evidence suggests that it would be worthwhile studying a range of freshly isolated strains to see whether they could be grouped according to their precipitin reactions and also their reaction in the metabolic inhibition test.
